Introduction
Globally, the gas sensor market is $500M/year with sensor systems worth >$2500M and further growth driven by legislative requirements and emerging economies is expected. There is a wide range of industrial, environmental and safety applications in which sensitive trace gas detection is needed, for example in process control, environmental monitoring, combustion analysis and national security [1] . It is possible to combine advantages of longpath absorption spectroscopy and photo acoustic spectroscopy in the differential photo-acoustic (PA) sensor [2] . The differential PA configuration allows for the implementation of a miniaturized, and still very sensitive, gas sensor. The key assets for miniaturization are silicon cantilever microphone [3] , high efficiency IR LEDs [4, 5] and high sensitivity interferometric read-out system [3] .
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Differential PA sensor concept
In the PA sensor concept, four different gas chambers are included in the system. Sample cell, reference cell and differential PA cell comprising of two parts: the Sample Beam Chamber (SBC) on top and Reference Beam Chamber (RBC) in the bottom (Fig. 1) . The sample cell is labelled as the open path cell. The MEMS cantilever microphone is located between the SBC and RBC, and both chambers are filled with the target gas similar to the gas that is under interest in the sample cell. Therefore, the sensor is sensitive to radiation at optical wavelengths corresponding to the absorption lines of the target gas -the principle is used in correlation spectroscopy.
Demonstrator implementation and testing
In the implemented demonstrator, two LEDs were used instead of one LED and the beam splitter was eliminated. In addition, the reference cell was eliminated by assembling the reference LED in close contact with the RBC window. Sensor optical design was performed and sensor optomechanics based on aluminium frame was designed and tooled using 5-axis CNC machine. The heart of the sensing system is the differential Low Temperature Co-Fired Ceramic (LTCC) cell containing monitored gas -pure methane, Fig. 2 . The implemented differential PA gas cell structure included two 8 mm cylindrical cells, diameter 2.4 mm (Fig. 2) . The differential LTCC cell included also the MEMS cantilever microphone with chip dimensions of 3 mm x 4 mm x 0.6 mm and cantilever dimensions of 1 mm x 2.2 mm x 0.01 mm. The total dimensions of the differential cell are 14 mm x 8 mm x 4 mm. The assembled sensor fitted in a volume of 40 mm x 40 mm x 35 mm (Fig. 3) . The achieved differential pressure signal was proportional to gas concentration in the open measurement path of gas flow. The sensitivity of the first prototype was 300 ppm for methane with 1 s response time. Sensitivity is increased to 30 ppm, when response time of 100 s is used.
